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BI?MJM?. -.

This paper ccmhina part of the rewdts of ignition invedigatiorIs being made for the National
Advisory Committee for Aeronautics at the Bureau of Standards, and describes a type of

9 circuit which has been found useful for representing the action of the &ah-tension ma=gueto. .-

‘While this equiwdent circuit is relatively simple, and consequently can be used as a basis
.——

for deri~ definite mathematical formulas for induced VOlta=W and similar quantities, it
has been found experimentally to correspond quite closely in its performance with the highly

.-

compIicated electrical circuits of an actual ma=gneto. In the paper form&s are given for the
vohage induced in the secondary under various conditions of operation, ad a nu~ber of nu-
merical examphss are worked out showing the application of the equations to a variety of
practical problems.

INTRODUCTION.

The high-tension magneto is an exceedingly cgmplex pieca of apparatus and even the most ,
detailed mathematical treatments as yet attempted can take account of ody the more impor-
tant features of its operation and are necessarily based upon numerous limitirg assumptions.’

.-

This fact, together with the lack of familiarity of many automotive engineers with electrical
—

cancepts, has contributed to produce a general air of mystery regarding the operation of igni-
tion apparatus and has permitted the growth of numerous fallacies and tihe exploitation by
misleading claims of devixs for remed~~ ignition troubles. There is “comequmtiy need ,—

for a fuller understanding of the principal characteristics of magnetos by engineers and even
by manufacturers of ignition apparatus.

—

A very rough approximation is, however, for most purposes all that is required, since
the device is always used in connection with spark gaps vrbich are themselves subject ta very
great variations in breakdown voltage from a number of conditions, onIy a few of which are
at present thoroughly understood. It is therefore possible by stit.able simplification and the
elimination of unnecessary elements to develop a model electric circuit which -wiI1represent
dl the important features of operation of a magneto in a qualitative manner and do thii with
au accuracy which is sufficiently good for much quantitative work. Such an abstract theoretical
circuit, provided it exhibits the same principal characteriatim as the actual machine, wilI be

--
.

referred ta as a “model” of the maggeta.
It is the purpose of the present paper to deveIop the theory of SUCha mod~ whi@ ~C@I

-r

appearing at fit glame very remote from the acturd device, has been found to give a fairly
close approximation to the actufd worhg of the maggeto; to show the application of this
model through the entire cycle of operations; &d to give a few examples showing how it may

.

be used to answer the various questions w%iclrmay arise in practice as to the performance of
ig~tion apparatus under various conditions. This theory is the redt of the investigation

. .

of ignition apparatus, sponsored by the National Advisory Committee for Aeronautics, which
has been carried on at the Bureau of Standards for the past several ye= and has proved very
useful in correlating the exph%nental results obtained in the course of the work. —

1Ymn& A. P., AntcuncMe 1?- 7, pp. Im SS7, Z@ f&& 191fi TaYIcr-Jon@ E., PM. Msg. S6, p. 14$ Aus’cM, 191% Sflehe, F. B.,
Edentidc Paper of the Buren c1 Standards, ” ‘l’ha M8thematiml Theury oi the Induced Vdt8ga In the HlgIMkudnu B@mtc..”
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t

DEVELOPMENT .OF MODEL.

The high-tmsion msgneto serves two distinct functions. Fret, as an electric generator
it transforms mechanical energy supplied to it by the driv~~ shaft into stored electromagymtic
energy of the primary current flowing in the inductive primary circuit. This action is pmformcd
by the primary coil alone and is similar to the behavior of any type of generator and hence need
not be discussed in much detail. The second, and 1sssunderstood functionl is that of an induc-

—.

tion coil which by a sudden eflort delivers the stored energy at a voltage sulllciently high to
break down the spark gap in the engine cylinder and produti a spark,

This latter action is analogous to that of a motor-truck driver endeavoring to tako his ‘
vehicle up a curbing or to jerk it out of a crust of frozen mud in which it has stood over night,
and involves two distinct actions. In the first place, by speeding up his engine and letting in
the clutch suddenly, the driver makes use of the inertia of the fl~vhccl to exert on tho cIutch
shaft a much greater torque than the engine could defi.ver Wntinuously. Secondly, the multi- . .
plying action of the transmission gears delivers’ at the driving axle a torque which has been
still further increased in proportion to the gear ratio. In a simi@ manner, by establishing u
considerable primary current (speed) and suddenly” interrupting it at the breaker, them is
induced in the primary circuit (clutch shaft) a voltage (torque) much larger tlmn that originally
generated by the rotation of the armature. This dtage is then in offcct multiplied in the
secondary winding (axle) by the ratio of turns between the two windings.

BEmKi
Fm. l.-CIrcniLa of actual rnagneta. FIG. 2.-FM Intermediate type of circuit with eacondary constmtJ

.
reduced to prhuyskle.

Now the increase in voltage due to the great number of secondary turns ‘is primarily a
multiplication by the ratio (n) of secondary to primary turns, and we may consequently mako
the first simplifying step by replacing the circuits of figure 1 by those of figure 2 in which tho
secondary has been replaced with a fictitioti winding having the same number of turns M tho
primary but occupying the same space as the actual :ec,ondary winding. Any vahms of voltago
computed for this type of circuit may be accurately converted to thoso corresponding to tho
actual machme by multiplying by (n). It may be shown that the efled of the turn ratio upon
current is the reverse of that upon voltage, so that tho secondary current in the actuaI machlno
is l/nth of that in the model shown in @me 2. This relationship is of courm parallel to tho
inverse relation between torque and speed in cases where energy is transmitted through gearing.
Furthermore, in the electrical case, it may be shown that any resistsmceor irductanco in the
secondary circuit of iigure 1 shouId be replaced in @@e 2 by one having I/n’ tics this valuc,
while any electrostatic capacity should be replaced by one of na times the value. This trans-
formation from the actual cficuits of iigure 1 to the fictitious circuit of figure 2 is widely used
in electrical engineering problems i.uvolring transformers or telephone repeating coils. This
transformation may be exhmded to any apparatus connected ta the secondary circuit, as well
as ta the p“@s of the second~ winding iteelf, since a group of circuits whoso const.aqts have
been modified as outlined above will obey the sarm electromagnetic laws (Ohm’s law, for
example) as did the Unmodtied circuit.

The next step in th~.simpltication ig figure 2 is “h note that the two coils which now havo
the samenumber of turns are wound upon a common iron core and that by far the greater part
of any magnetic flux which maybe produced by the action of one coil must nccwsarily link tho
turns of the other coil Experiments have shown that the coefficient of coupling k, which is
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detlned as the ratio of the mutuaI inductance betwem the two coiIa to the geometric mean of
their respective sdf-inductances, is usuaUy as great as 0.98 in the case of magnetos and 0.95
in the case of ignition coils in which the iron circuit is not as completely closed. In either case
the amount of energy associated with the Ieakagg flux which does not link both coils is very
small, and we may therefore make the approximation that the coils are strictly closcdy coupkd
as is indicated by figure 3.

The next step is ta replace the’two cIosdy coupkd coils of f@re 3, which, by our hypothesis,
are identical in all their magnetic effects, by the s@e coil of the same number of turns and the

1. J I
FIG. 3.-i%2rmd ukmedfate type of drenft mth close megnetk

CcNPl!r%between prhrmry rmd secondary.

same self-inductance shown in @re 4. The only phpical change which has been made in
this step is that we no longer have the two coiIs separated by an iusdating barrier, but since
this insulation does not directly affect the crdcnlation of voltages, currents, etc., it need not
concern us here.

In any detice for manaforming energy there is, of course, alwaya a certain amount of loss
rhich, in the case of a magneto, is partIy due to the resistance of the copper winding and in
part to the hysteresis and eddy current loss in the iron core. ‘We must, therefore, so arrange
our model as to account for such losses. This can be done very eady by inserting the rdst-
ance R in series with the coil. (See fig. 5.) It should be notd, however, that when we me
concerned with relatively SIOWchanges in current and voltage, as for example during the build-
ing up of current by the rotation of the armature, only the copper resistances are of importance,
while when very rapid chang= me in progress, as during the building up of voltage immediately
after the primary contact points have opened, the eddy current 10SSin the core produced by
the rapid change of fltm becomes much hwger than the energy di&pation in the copper winding.

b

R
.

mm 5.-Completa dngla modet Wuh serk msktsnm.

Co&equently, the numericrd value to be assigned to the resistance R should be taken at difkrent
values according to the part of the cycle of operation under consideration.

A detailed discussion of methods for the determination of numerical values of the resist-
ance in these cases and also of the inductance and capacity, if the modeI is to represent any
given ma=gneto,is beyond the scope of the present paper, as such methods have be~ treat~
elsewhere?

In the paper referred to several Iines of attack are sugge+d, the most direct of which is
the measurement, by means of the Whetstone bridge supphd with alternating current, of the
inductance and resistance of the magneto winding at a frequency approximately the same as

z& thelatter part of Mentffie Paper ct Bnre8u of 6tindar& i{ Tbe Mafi=t~ ~=y ~ me ~da~ Volt& in the Eigh-Tension

?Qneto..’ Thf9 paper B180giw9 a mrm detufled ~ of tb~ ebr@wdI mcdel and eomparzs rew.lt.s obtahedby it tith those crmqmted
fromothert~ cdr.noddmx dtithth emsrdtaofdirect ~;

.—
.—

—

—.

FIG. 4.Jl’Mrd lntezmediatatype of dradt with directcruplhg
betvmau@ZUU’Yand S@W?I&Y.
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that of the oscillations which would occur in the modeI. The proper valuo of the cnprwity to
use is”obtained by combining the easily measured value of the primary condenser with a viduc
of the secondary capacity (multiplied of course by n2) obtained by measureiuentamade at radio
frequenciw. The ratio of tur~ of the magneto can readily be obttiined by a null method, such
as described in National Advisory Committee for Aa-onautics Report No, 58, Part II. I!’or
most qualitative applications of the model, a precise knowledge of the values of tho circuit con-
stants is not necessary and, as will be indicated below, the equdiona which wNl be developed
enable one to apply the model to numerous quantitative problems without requiring a com-
plete knowledge of the constants.

--

FORMULAS AND APPLICATIO?TS OF MODELS.

During the first part of the cycle of operations of the magneto, when the rottition of lhc
armature is building up current in the primary winding through t.ho closed breaker conlw ts,
the simplified model is of relatively little assistance. The wave form of Lhe1?. M. F. induced
.by the rotation is quite complex and depends entirely upon the shapo of armature, pole pieces,
and other parts of the magnef,ic circuit. Certain general considerations may, hovmvcr, bo
drawn from the model which during this entire period (called” Period 1”) may bo considered SE
consisting merely of the portion shown in figuro 6, since the breaker contacts form an cffectivc
short circuit upon the condenser and prevent it from affecting the operation.

I
1

b

I-.. -.——...
Fm. 6.—Efkctlre drcuit of modsl dur-

ing l%rlod 1 while current fsbelnggen-
ereted.

Armdm tpsed o R.EM.
FIG. 7.—Data showing constancy d primery current of magneto after critical

S* k attalnwl.

The circuit asthus reduced consists of a resistance in series with an inductance supplied
by an alternating E. M. l?. This. E. M. F. is proportional to the speed of the armature, the
number of turns in the primary winding, and the. tottil ma=~etic flux. If the VO1tage wcro
sinusoidal, the purrent would consequently be given by the equation

––=* “ “ ‘1)l-&’

where R is the resistance, nP tle number of turns, and L the inductance of the primary coil,
and f is the frequency (or in a 2-pole machine the revolutions pcr second). If tho speed of
rotation is small, the term in the denominator involving the inductance is small relative to
the resistance, and we note that the current will be proportional to the voltage and hence to
the speed. At l@her sp~ds, however, the inductarice term hcomes preponderant, and since
it increases in proportion to the frequency, the current becomes independent of the frequency.
As an example of this, figure 7 shows the effectiye (root-mean-square) current on short circuit
and also.the peak va.luw of the same current observed in a certain magneto at several armature
speeds, The eflect of the inductance is greater upon any o-rertimes w-hichmay bc present in
the currd wave form, and consequently the wave shape changes considerably with frequency
and the peak value of the current becomes independent of speed at a somewhat lower value
than does the effective value. Aa a critical speed, above which the current at break and hence

.-.
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the amount of energy available for the rest of the operation maybe deemed substantially con-
stant in value, we may take that de6ned by the equation

.
.

.(3

The energy which is stored in the magnetic fieId as a result of the current thus established
is giwm by equation

-’ IT=+ W (3).
In some cases when t,h6cam is set to opm the oontacts earIy in the rotation an additional

amount ‘of energy may be supplied ta the spark by the rotation of the armature after the s~ar2
gap has broken down and provided a conducting path between its electrodes. This addit~~ral
energy, however, does n~t contribute to the production of tiolt,ageto break down the gap, em+pt
to the estent that the E. M. 3?. of rotation of the smondary winding in the magnetic ficl,i is
added to the E. M. l?. induced by the inhmruption of the primary current.

Mter the breaker contacts have been separakd by the cam, me have an entirely distinct
set of conditions which exists for a very short interval which maybe called ‘tPeriod 2,” vdich
lasts until the spark gap breaks down. Although this interval is very short, and there is usually
but IittJetransformation of energy during it, the phenomena which occmare dremely important

1
T

c“

F~m .S.-Eflwtlwa mrcuft of
mcdel dping Perfod 2
after br.saker has opined
and while voItage k buikk
Ing Up. ~G. 9.—VO1tfi@OSC!~ffOrlfISCOmpUtedfWd@OCdl _

hawtng L..M2 lx C-.2l5 s t R-W chos: ~g
Umt thospruk~p doesnr.thmkdoxn.

since they determine the amount of voltage whioh is produced in the secondary and, conse-
quently, whether or not any spark at all is produced. The simpl&d modeI is developed espe-
cially to represmt the magneto during this period and the portions of the model which are
effective are shown in ilgu.re8, in which it will be no~d that the breaker circuit does not enter
into the process. If such a &cuit were left to itself undisturbed, the voltage across the con-
denser would rise I% a maximq at which time the current in the coil would have fallen to
sero and would then decrease again oscillating thus until all the energy had been dissipated
by the resistance. Figure 9 shows the variation of voltage with time in such a hypothetical
case and is computed in a model where L= 0.012 h, (?= 0.215pt, R= 1270. The complete equa-
tion for the voltage in such a case is

‘r

where
l.- current at break (amperes].,
a=% (secands-’). (5)

, (6)

.

—
.—

—
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-.—

t= time (seconds).
~=Wapierian base= 2.718
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In most problems, however, we are interested merely in the vulue of the first maximum,
since no spark will pass unless this maximum value is greater than the breakdown voltage of
the gap at the spark plug. The value of this maximum is given by the equation

4vm=~o ;.:. F... -.. --.--. -------- ..-. (volk) (7)

TABLE I.—Damping factor F (jor use in quahn 7),

.—
-y

.2

.3
. .

.!

.ti

.7

::
LO

. —
L&
..953
.700
A&

:E!

:%
.470
.450

I

,—..

I

i,.

.- —.

—

TABLE11,—Dun@ngjactorF’ (for win equation IZ).

The factor F in equation (7) is an abbreviation for the exprwsion

(8)

Table (I) gives values of this factor for various vahms of the ratio ~

In certain cases where the rate of dissipation of energy is very great, the voltage wave no
longer oscillates, but having risen to a mtium subsidas gradually to zero. Under thase
conditions, the equations (4) and (7) no longer apply, and the equation expressing the voltage
as a function of time becomes

where

(lo)

v-&+:-’a’l-------------‘g)

.4ai= –~+ ~a- -& (second=’)

4~= -~– 4=* (seconds-l) (11)
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While the maximum voltage of the impulse is given by equation

The factor F’ ,in thisequation
abbreviation for the expression

Vm=~x F’ . . . . . . ..-. --------_ --.----(vo1k) (12) . _.—
-——

istmalogous to the factor F in the preceding case end is an

Table (II) gives values of this factor for variow values of the ratio ~

k normal operation the circuits are usually such as to give the oscfiaf.ory case first con-
sidered, and the factor F has approximately the value 0.75, although this depends to a consider-
able extent upon the const~ction, in particular upon the amount of hunimtion of the mag-
netic~circuit.

In case the magneto secondary is shuntd by a resistance, as is the case when a spark plug
is fouled with carbon deposits, we have the somewhat more Complicate&circuit shown in @me
10. This can, howaver, be simplMed to the circuit shown m @me 8 by making the foIIowing
substitutions:

L’=L, (henrys) C’= C x & (farads)
(14)

R’=i+&(ohms) 1,’=10 (mnperes).

In most cases this substitution has relatively IittIe efkct upon the value of capacity, but

the term ~-&in equation (14) which results from a Moderately low vahe of the shunt~~ re&t-

ance S in the circuit of figure 10 ia so great that the original resistance R in the unahunted
combination contributes practically a negligible amount to the damping. Under these circum-
stances, the maximum Voltage is given by the equation

I @(YFv-m’=+ --.------ ---... -----. ---. (volk) (15)

or in case the osciHation is overdamped, by

10’F’-‘“’=m ;-- --.-------------------(VOlh) (16)

in which should be noted that the value of C and not C’ is to be used in tha denominator. The
factor For F’, however, is the same as occurs in equation (8 or 13) above, provided the primed
values obtained by the substitutions (14) are used.

—

.—

..

.—

.—
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It may be noted that the presence of a shunt, as shown in figure 10, gives rise to effects
very similar to those due ,fo eddy currents in the iron core, and the substitutions defined by
equation (14) indicate the reason for the effect of these currents in increasing the effective
series resistance of the circuit of figure 8.

When the shunting is very heavy, as is usually the case when the magneto is loaded nearly
ta the point of mieflring, equation (16) reduces to the much more simple form

(17)

The physical reason for this mRy be seen by the fact that if the fulI current 10ehouId flow through
the shuntirg resistance S, it would maintain the initial maggetism in tho coil ,unchanged.
With such a constant flux no voltage would be induced to maintain the current flow. Con-
sequently this initial value constitutes an upper limit ta the current wKlch will flow through
such a shunting resistance and will, of course, produce at the terminrilsof the resistance the volt-
age given by equation (17) .“

While the oscillations and maximum voltages indicated by the prweding equations would
be produced if the circuits in figure 8 (or 10) were left undisturbed, in the normal operation of
an ignition system the breakdown voltage of the spark plugs is normally adjusted to rLvalue.
muoh smaller than the maximum attainable by the system so as to insure firing by a factor of. .
safety of 4 or 5. As soon as the spark gap breaks down, it provides a conducting path in parallel

-~+ ‘““$~$
RG. 11.-Eflecttre chit of mcdel FIG; L?.-Effeetlve cheult ti model

durfng Pericd 3 when spark gap has during Perlcd 4 after the eepacitlea
just broken dowo. hare dlwh&rge4 butwhlla the coil

&charge maintains the spark.

.

with the model and completely Chang= the electrical system so that from this instant on wc
have to deal with the circuit shown in figure 11. The principal action which flrat occurs (and
which may be oalIed ‘(Period 3”) is the discharge of. the condenser through tho spark gap, and
because of the very smalIresistancaand inductance of the leads and of the sprmkitself, the result-
ing current may attain very considerable valuee for a short interval of time; consequently tho
slight Contribution to the total current from the inductance itself is negligible and the coil hm
been omitted from figure 11.

In the actual magneto, the slight amount of le&ge flux which is present becaum the two
windings me not closely coupled becomes of some importance in the very rapid discharge which
takes place during this Period 3, and consequently the first rush of current comes onIy from that
part of the condenser due to the secondary leads and winding. The contribution from tho
primary condenser follows, however, very shortly afterward, and the entire phenomenon may
be considered as a unit. The energy delivered b the spark gap during this period is given by

W=* m’” (18)

where V is th voltage at which the gap broke down. This energy is usually only a small fraction
of the original mabgneticenergy stored in the coil, but is probably sufficient to produce ignition
of the gas mixture in the engine cylinder.

After the condensers have discharged we are left with the spark gap still in a conducting
condition, and consequently have the circuit shown in @re 12 during what may bo crdlcd
“ Pmiod 4.” Such a coil left to itself would tend ta semda current nearly equal to that originally
flowjng through the breaker cir@t, since such a current would be sufllcient to maintain the



.

FIG. 13.-OSClLL0GRAM OF SLEEVE TYPE MAGNETO SHOWING IN UPPER RECORD THE NEARLY CONSTANT
VOLTAGE SUSTAtNING THE SPARI% AND THE LOWER. RECORD THE NEARLY LINEAR DECREASE OF CURRENT
WITH TIME-DURING PERIOD 4.

41a



FIG. 15,-OSCILLOGRAMS OF SECONDARY (UPPER) AND PRIMARY (LOWER) CURRENT OF SHUITLE TYPE
MAGNETO, NOTE THE CORRESPONDENCE BETWEEN THE DISTURBANCES IN THE PRIMARY CURRENT
CAUSED BY TI+E MECHANICAL’’ CFIATTERING” OF THE BREAKER AN DTHE CORRESPONDING FLUCTUATIONS
[N THE SPARK CURRENT. PLOTTED TOTH~ SAME SCALE-OF AM PERE TURNS THE PEAliSOf ONE CURVE
FIT INTO THE HOLLOWS OF THE OTHER.

414
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magnetic fb undiminished. .The actwd current, therefore, cIoseIy approximates that. which
was present at the end of Period 2 and is roughly the same as that existhg at the end of Period 1.
It is a curious property{ of the type of spark gap used in engine cylinders that they require to
maintain the current across them a voltage which is substantially constant during the duration
of the spark. The value of this voltage depends upon the kmgth of the gap and other conditions,
and is of the order of magnitude of 1,000 volts. Since the flux is ohang@ but slowly during the
period now being considered, the effective resistance of tie model is snd and the ~R drop in
the winding is relatively slight. We consequently have roughly a constant rate of fall of current

( “)whioh thus maintains a cotitant voltage L ~ across the gap. This ,isillustrated by @&e 13,
. .

which shows oscillograms of the secondary current through ,tie spark gap and of, the voltage
across the primary coil terminals during the passage of the spark. Unless interrupted by the
early cIoshg of the breaker, this disoharge of the coiI continues until the current has dropped
off uniformIy to zero and the tot,aIenergy delivared to the spark gap is given by

TV=(EIj*yJ

This contribution is usual~y the bulk of the original mtignetic energy stored in the coil,
but in case the magneto has been working near its Iimit, so that the breakdown voltage of the
spark gap was neady equal to T., the energy wilI be defldely less than the originrd supply by
the amount of electrostatic energy contributed from the condensers during Period 3.

b
9

R

FIG.14.–ERectirecircuit of model while spti Is keing exth@.shed
by tha clodng ofthelxeaker. (P@cxY 5.)

In case the cam snows the primary breaker to close before the current through the spark
gap has entirely died out, we get the condition shown in figure 14. On account of the changes
in ionization it happens that, in the case of conduction across spark gaps, the resistance increases
as the current flow through the gap demeases. Consequently, when the current begins to divide
between the two paraIIel paths (6 and g) shown in the &ure, the resistance of path g rises as
the current through it diminkhes, with the resadt that the entire current is rapidIy shifted to
the circuit through the breaker, and the spark is extinguie&ed. If for any reason the contacts
bounce open again, as may occur at high speeds of operation, the current flow is again shifted I
to the spark gap, which is usually sufEcientIy ionized to remain conducting. Figure 15 shovm
this transfer of the current fkom primary to seoondary, and vice versa, the upper curve in the
reoord being that of the seoondary current to a scale of O.O&!tzrnpereper ndlimeter, while the
lower curve gives the primary current to a scale of 0.3 ampere per millimeter. Since the ratio
of turns in this particular magneto was 57:], it WMbe seen that the ampere turns, aud henca the
current in the cd of the equivakt model, remains substantially constant in spite of the shift
in the external path of the current.

lEL4MPLlL9. .

The foIlowing numerical exampl~ may help to render the preoeding disoussi~nmore definite
and concreta and ta illustrate the -tent to which the model may be applied even in cases where
a complete lmowhxige of the oircqit constants is not available. In several cases the examples
have beem chosen to fit particular maggetcw for which the answers have been vad experi-
mentally.

....
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EXAMPLE 1.

A certain magneto will barely tie a 6,100-volt spark gap when a current of 1 ampere pining
through its primary is interrupted. If a condenser of 300 micrwnicrofarads capacity is conncctcd
to its secondary, it will then, with the same primrmycurrent, btwely fire a 4,100-volt gap. What
is its original effective capacity?

Let do be the total original capacity (referred for~nwmienco to the secondary side). Thw
the total energy available under the first cmdition t

IT- (6,100’.,.~
2 0

The energy in the second condition is

, T7- (’y)’. (CO+300x 10-”)

Site the same primary current was used in both oases, the initial energy is the same in boti,
and we may equate these two expressions, getting the relation

(6,100 )’00= -(~ +3OOX 10-n)
2

which may be solved to give
Co= 246 x 10-’a farads.

EXAMPLE2.

In the magneto of example 1, assuming that the damping factor F is 0.75 and that tho rtit.i{)
of turns is 60, what is the effective inductame and resistance?

The current at break referred to the secondary ia & amperw and by equation (7) we ham

6JO”=ACG 075 .
whence

L= 59 henrys.

Now a factor F of 0.75 corresponds to ~- – O.Zapproximatdy and

fl”~@P~x~ ‘~,&~=8,330.

The cmre9ponding frequency is

f= F.l,330

and
a= -0.2 x8,330= -1,670.

hence
R = -2 L a by equation (5)

=2X 59X 1,670= 197,000 OhIUS.

Referred to the primary side, the various quantities would be

Current at break = 1.0 amperes

-o.
60 = 102 Volta.

Resistance (for period 2)= 197,000~ ---- = 64.7 ohms.

-—. —

Inductance 5!2
“m = .0164 henrys.

Capacity =246 X 10-’UX (60)1= .886X 10-’ farad.
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If the primary condenser has 0.25 mkrofarad capacity what is the secondary capacity?
Secondary capacity (considering the equmtiona of the modeI to be referring to primary

quantitiu) is equal ta
“0.8S6x 10-’– 0.25 x 10-=0.636 x 104 farads. —

Referring this ta the secondary again gives -

.

SXAMJ?LE 3.

H the magneto referred to above is used with leads 2 meters long of a type of high voltage
cable which has an electrostatic capacity of 300 micro-mimofarads per meter} by how much is

-..—

the crest voltage reduced ?
As in example 1 we may equate the electrostatic energiw in the two cases and write —

‘1
~. (6,100)2X246X 10 ‘=: (~7~)’X (246X 10-M+2 x300x 10-U) .—

which gives Fm= 3,3oO,ora decrease of

6,100-3,300
6,100

=46 per cent.

~~om.-The decrense obeerved experimentally on thermgnetoWhichgavethevalueetakenin emmple1 was~G
Percentwhen000w wereadded.)

—

JKM?%IPLEd.

If an accumulation of dirt in the distributor amounts to a shunting resistance of 500,000 —

ohms from the secondary terminal to ground, by how much is the crest vo~tage reduced?
We may refer all quantities to the secondary and then make the substitutions indicated by

equation (14) obtfiinirg
.

.
L’=L=59 henrya . — *
s= 500,000ohms —

R’= R +&= 197,000+500 000 ~~46 ~ ~o_l,= 677,000 o~
?

= ~ – ‘1;;~+x5~#00 = 176 X 10“z
c R+s ? Y

Inserting these in equations (5 and 6) gives

1
since aC3 is less than~

a’=~:; =- 5,740

&=%f96.x10’-33.x100=7,940

the complete wave form is osdlatmy and equation (7) applies.

a’
-i = – 0.723, hence F= .506 by Table (I)
@

.—

-,.-—

and by equation (15)

L!!t67—23—27

—.—. —
~Tm= 1,~59x 176x I()=i

246 x ~()-1~ XO.506= 210,00010 .

—
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.
the primary, 10 referrad to the secondary-is ~. and henco

.
~ =210,0Q0

m — = 3,500volts60

Decrease resulting from shunting is

6,100–3,500
6,100

=43 per cent.

(~om.-The decre~ observed exparknentally on thk magneta ww 48 per cent. )

EXAMPLE 5.

If this magneto is connected to a spark plug wl@h has the gap set to breakdown nL2,000
volts, what is the lowest value (S) of the resistance of a carbon deposit on the spmk-plug insu-
lator at which the magneto will M the plug, if its primary current at break is 4 mnpercs?

For this case the approximate equation (17) is applicable. The current at brink rofrrred

to the secondary is ~ =0.067 ampere, and we therefore can write

2,000=SX0.067
whence ,—

s= 30,000Otiti

EXAMPLE 6.

Ifthe primary condenser could be reduced to 0.15 microfarad without causing excessive
arcing, what would be the gain in crest voltage?

The present capacity referred to the primary is (see example 2) 0.S36 microf araf~,
The present crest voltage referred to primary is 102volts.
New capacity will be 0.7g6 microfarad.
Since. total energy is the same in the two cases, we have

&02)ax0.886x 10A=; (~m)zX .786X 10A

whence
~~~= 108

108-102
tiegti=~2: -=5.9per cent.

(No’m.—l’he gain observed experimentaHy on the secondary was 5.9 per cent. )

EXAMPLE 7.

If the magneto operating with a primary current at break of 4 amperes is connected to a
clean spark plug which has its gap set to break down -at 2,000”volts: (a) ‘il’hat is the energy
in the condenser part of the spark? (fi) Neglecting losses, what is the total energy in the spmk 1

The condenser energy by equation (18)

W’=~ .(2000)’x 246x 10-’%.0005joule.

The total energy is by gquation (3)

W=; .0.0164 X (4)’=0.131joule..
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EKAbfPLE a

kmnning that a constant voltage of 800 volts is required to maintain the spark at the
spark phg, how long would t+e spark last if it were not interfered with by the clos@ of the
primary breaker ?

The initial current in the spark (during Period 4) is appro-aately , -

1= ~ = 0.067 ampere.

The fiaI current is zero and the current decreases uniformly.
—

The average current is therefore —

0.067+0
~ =0.033ampere..-

~Nowthe energy (assumi~~ no losses) is equal to .

w= E It=sooxo.033xt=(l.131–o.otlo5
.>

whence —

t= 0.0049 second,

EX.4MPLE 9.

If the cam holdk the breaker open during a rotation of 60°, at what speed will the closing
of the breaker begin to interfere with the spark?

The time of opening is ~ or one-sixth of a revolution, and if this is to be 0.0049 sec- .—

end, one revolution must occupy 6 x.0049=0.03 seiond, corresponding to 2,000 revolutiona per
minute.

~OTMXOX
0= electrostatic capacity.
E= effective (roo&meau-square) ‘voltage.
e= base of Napiernanlogarithms= 2.718. . . . . . .
~= frequency (cycles per second).

~, F’= cm-rectionfactors for dampiq.
—

1= effective (rookmeau-square) current.
l.= current at instanh of break;

.-

K= any constant.
L= sdf-inductance.
nP= number of turns of primary winding.
R= resistance. —

s=speed of rotation of magneto armature. .—
t= thne.-
u= voltage at any ‘hstant. .

~’. = maximum voltage.
IT= energy.

.


